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FOREWORD 

The l'" S" Army Mat"",,1 Command has initiated a prQgram to im
prov" "M.lly standards in ammunition plants" To accomplish this goal. 
design and sale!}' engmeers need to know the maximum blast wave capa
bWty of !he ""plus!"" ane! rlel1agratabl" materials used in the production 
of ,~unmu.lnhon . 

Slnce the aIr blast charactellstics ot two little known ,,"p!usive ma
ten'lh ,Illtroguanidme C\Gu) and guanidine nitrate (Gu!l;). ale not covered 
In, .i\'ail.1h!e lttt'rature, PiCatmny Arsenal was assi~ned the responsibility 
.oj estabh"hing "D'Tequivalencies for these two matenals. The actual 
teshng Involved "'as accQmplishect by the IfT Research Institute. Chicago. 
Illinois. under Contract DAAA21-12-C-()6115. 

Th" results of thl" study should be of particular interest to de
signers of new facilitles whicb will process !\Gu and GuN. Because of tbe 
dearth of available data (Gu~. for example. is not mentioned in AMCI' 706-
177. the Engmeering Design Handbook- -Exp~osives Senes). this report 
covers S{·nsltit'lty. thermal qualities, and other explosive characteristics 
in additlon to the reqUired TlI'T equivalencies. By presenting all of tbis 
inforrnatlon in one publicatIOn. the author hopes thili report will.be a mean
Ingful contribution to the liter ature. and a useful source of information. 

nus report has been 3p,proved for issuance by AMSAR-SFO and 
AMCSF-t; (see Appen!!)x}. 
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SUMMARY 

TLlf; xeportprovides the reader withbackgrounf! i'!'1formation per
Hnerll t.' the shock sUl1sillVlty and basic explosive charal.reristics of mITO
gllalUdln~ Il\'Gul and guanidine nitTa!., (GuN). It shows that the nillcal 
(!'liln1t:~tei (if unconhn~d NGu hes above 1.27 em at any density ~ but at a 
'"en~lty ,,: 1.5 glce. a diameter of I.U em ,,·m suifice. Also shown IS tile 
!l<e! !hilla! lower densitIes and larger diameters thi" matenal can enter a 
,p~t:l.ldQ:-dctonauonragime in- whicb t.he 'propag<ltl0fj\.T-t:11(Jcrty canrar4i€ from 
.l to.'>.1 Ircl"/IlI'CC in lieu of the normal detonation rat<: of 7 or mote mm/"sec. 

l>mce the "'Gu used m the blast output ITNTequivalenq') tests 
dt?5cr;hed in thiS r.~port was unconfined and not pressed. it is as~umed 
that ;t propagated at a j()wer than maximum rate. pos,,:bly below the rate 
oi ,!,·t,ma!ion. The minimum rale of detonal;on is the velocity of sound 
throullhthe material; anytbing less should properly be refened to as de
!1a,;rati . .on. 

GuN is portrayed as an insensith'e matf:rial WIU' limitf:d explosive 
strellgth and a low detonation rate, Due to this 'ow propagation rate, it is 
dou!>!!ul that a true detonation ,""as obtained in the blast test" described 
In th:s J't!port. 

Eight tests wtere conducted with mtroguanidme charges in simulated 
dlunllnum storage bins. Since tbe charge-weight to metal-weight ratIo of 
these billS was scaled, the degree of confinement of the test charges. like 
t h., full scal" system, is insignificant but simIlar. The charges varied in 
",,;ght from, 6 to 110 pounds and wereinihated from the bottom. In all 
c"~e,,. the test sample detonated. The scaled mag,,:~ude of tbe blast out
puts wa" slmHar in spite of variations in booster and charge weights. 
Measured fressures ranged from 140 to 1 psig al scaled distances of 3 to 
37 I't illl . respectively. Scaled pos:~,ive impulses rang'!d from 28 to 
I. 7 p~1-msec,'lbl/3, The maximum pre"sure and impulse TNT equivalencies 
ar~ 140 to 110 percent. respectl\'ely. at a scaled distance of 3 ft/lbl/ 3 . 

Four tests weTe conducted with lightly confined GuN charges weigh
mg :!40 to 800 pounds. The GuN was initiated with a Composition (CornpJ C4 
explosl\'e booster embedded in the top of each charg~. Free field pressure 
and impulst· measurements were made in the scaled distance range of approx
imately 2 to 50 ft/lb1 /3. The pressure and impulse values were compared to 
those produced by a hemispherical surface burst of TNT in order to determ
ine the TNT eqL'\valency. The peak pressure TNT equivalency ranged from 
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HO to 16 percent at scaled distances of 3 to 40 ft/lbl/3 . The GuN tests 
sl10wed that the scaled airblaSlllarilm~ler6 and TNT equivalency results 
for the cha.ges tested showed no sigl,ii:icant differences doom either 
th" weight of the charge or the sizecn tbeb09star. 
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SNTRODUCTI0N 

Xerlwds used rin the past fox siting and 
giosives and propellant manufacturing plants 
ken based on gross quantities of det.onat;lble 

TNT” Equivalency Testing 

TNT pe?;ak pressure and impulse equivaiencies are obtained by dra- 

INTRODUCTION 

Methods used in the past for siting and designing componenls of ex
plosi\'es and propellant manufacturing plants and related facilities have 
heen based on gross quantities of detonatable materials. Present day tech- · 
nology has shown that cost effecth'e yet safe facilities can be built if rlesigll 
crileria are based on the actual explosive output of the materials involved. 

TNT Equivalency Testing 

.\ considerable amount of work has "I ready been performed in e ';tab
lishing the air blast parameters of TNT. Consequently. for facility designs 
involving other energetic materials. the required design information can 
be \!xpressed in terll's of "TNT equivalency . " 

TNT peak pressure and impulse equivalencies are obtained by de
tenn;.'ling the weight of TII.'T that would produce the same peak pressure 
or ili.puise. allhe same distance. as any given test charge . It is the ratio 
of thls 1o\'eight of TNT to the test charge weight ("'1 TNT Iwt test charge) 
that defines TNT equivalency. For example. if the TNT pressure equivalency 
of the test charge is 10 percent. then ODe pound of TlI.'T would give the same 
Qverpressure at the same distance as 10 pounds of the test charge. The com~ 
pan sons (reference curves) are based on an unconfined hemispherical sur
fact! burst of TNT. even though the test charges were a different configuratton. 

A detonation is a virtually instantaneous chemical reaction that liber
ates large q '~ntities of gases and heat. The gases are under extremely 
high pressur .. (uP to 2.000.000 Ib/ in.2 off the face of a charge) and con
sequelltly expand rapidly. as shown in Figure I (~. PsI. pusbing the 
atmospheriC air away so fast that it causes a shock wave. The pressures 
created by a shock wa,'e endure for a period of time [4 tl. They rar: des
troy buildings and register their passing strength on gages. 

Scaling means that the pressures. impulses. duration. and arrival 
time from a given explosive charge are predictable fur charges of other 
weights provided that all other conditions (density. geometry. confinement, 
etc. I. are constant. The scaling equation is Z = (R/Wl / a) Po. Z is the 
scaled distance in ftllb1l3; R is the radial distance from the center of the 
charge in feet; If{ is the weight or tbe charge in pounds and Po is the am
bient pressure in atmospheres. The relationship is illustrated in Figure 1 
( ! l. If blast measurir. g devices were placed at various distances from a 
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Fig ? Scaling 
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lO-lb charge. then the recorde9 peak overpressure would be represented 
by curve Wl. Curve W2 would be developed if a IOO-lb charge were deton
ated at the same point . In this way. a family of parallel curves is o~ ; la ined 
for \'arious explosive weights. By dIViding actual gage distances by the : 
I:ube root of the charge weight. a single CUrve evol ves when scaling is 
applied. See Fig 1 (b). This curve enables an estimated calculation of 
_peak overpressures for any specifi~ charge weight and dir,;tance. 
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Fig 1 Scaling 
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Sensitivity characteristics of NGw md GUN 

0.23 

NGU 
GUN 

ThiT 

Z/26 NR 0.20 
101’43 VR & INC 2 Ib 

camp 64 
2$14-15 Expl II 0.27 

40 

NR = No reac:tion 
IXC = Incomplete reaction 

In this report. scaled distances and scaled impulses have been 
corrected to. account for the energy co·ntribution pf the booster. The explo
s h· e we ights are based on total charge weights; therefore. they can be 
used di rectly when computing TNT equivalency . The mean curves were 
obtained by mathematically fjtting the data points. A Dlethod dev.eloped by 
the. liT Research Institu~ was used to calculate \he TNT equivalency of ~he 
boOster. (See· Appendix B to Reference 1 .) 

Objectives 

The investigation covered. in this report was undertaken: 

I. to determine the maximum pressure andpositi,veimpul1'8 
of '\Gll and Gu:-.l in terms of TNT equivalencies. and ' 

2. To. ascerlilmthe iipplicabiUty of tbeiiir blast scalmg law 
to !!-Iese explosives . ' . 

DISCUSSION 

ShQck Sensitivity 

:-.IGuis less sensitive tv c.ertiiin types of shock stimuli. than most 

standard explosives. such as TNT . . . Table 1 summarizes the .available sen
s itivity data (mcomparison with Tf.;T) and shows that GuN is even less 
sensitive than NCu . 

TABLE 1 

Sensitivity characteristics of NCu and GuN 

£xplosh'e Impact Bullet Initiation Friction 
(kg and in . ) ( . 3~ cal) (lead azide) 

NGu 2/26 NR 0.20 NR 
Gu!\; 10/43 !1m INC 21b 

Comp C4 
TNT 2/14-15 Expl . 0 . 27 NR 

40\ 

N R " No reaction 
INC = Incomplete reaction 

5 

Vacuum 
Stability 
(120"(;) . 

0 . 44 

0 .23 

; ~" -- ---,-., .;~.:. 



bin 

Fig 2 Lousei y packed NGu in test acmfiigwratim 

Explorive Characteristics 

GUN is considered a very wleak explosive showing a Trawzl test value 
of only IO percent that of TNT and a detonation velocity of 3700 m/s m NGu 
was rated at 95 perceat of TNT in a plate dent test, but in the brisance test 
it rated only 73 * 5 percent (Ref 2) w Table 2 summarizes the zawailable explo- 
sive data in camparison ~CS that of TNT rc 

-;,. 

A booster initiation test indicated that GuN is significantly less sen
sitive to shock than NGu. In this te st s ix lightly confined, loosely packed 
c harges of NGu were initi~"ted by a 1 . 06-02 tetryl booster placed at the 
bottom of each charge (Fig 2). However', under similar conditions. GuN 
r espqnded with an mcomnlete reac tion e ven though the b001>ter size was 
inc: ,~a5ed by increments to 16 oz of CompositionC- 4 (RD)!;/plasliclzer 
91/ 9J (Ref 1) . ' 

/' J ---~ 

T 
I 

t~ _____ Simul;.te<1 storage bin 

Sample 

,_ ........ Det_toJ; 

L 
Booster 

Steel \limen Plate 

CrOUJld Surface 

Fig 2 Loosely packed NGu in test configuration 

Explosive Characteristi,cs 

GuN !~ c:onsidered a very weak explosive showing a Trauzl test value 
of ani y 10 percent that of TNT and a detonation velOCity of 3700 m/ s . NGu 
was rated at 95 perceat of TlI:T in a plate dent test. but in the brisance test 
it rated only 73.5 percent (Ref 2) . Table 2 summarizes the available explo
sive data in comparison to that of TNT . 
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Table , 2 

Explosive output of NCu and CuN 

Material Trauzl Detonation 
('!oj (velocity) 

NGu 101 c
7650 

Gur.: 10 c
3700 

nO' 100 6640 

c = confined 10 steel tube 

Detonation Rate 

a Pensity · : , ' Ilallistie 
ig/ee)' Mortar 

at 1.5 
at 1.0 
at 1.56 

104 

100 

Bri3allce 
(." 

95 

100 

The detonation rate of unconfined NGu can vary from' 2.966 to 
' S. 106 mm; I'sec'. varying largely )Vith density. but diameter is als':) a 
factor. The high velocity was obtained at a diameter of 3.653 cm and 
a density of 1; 627. which is rather difficult to attain . At the same 
ciameter. lower densities will generate lower velocities (Ref 3). Since 
all of t he blast tests reported in this, study were conducted at very , low 
densities (the onlycdmpaction being the weight of the dry powder,. 
the detqnatior. rates are assumed to be low. 

Criti~IOjal'neter 

A 70 mm smear camera at a writing speed of I to 3 mm/"sec was 
used to approximat€ the cribnl diameter of NGu (Ref 3). Critical dia
meter IS the minimum dib.neter at which an explcsive can maintain a 
full and constant rate of detonation under a given, set of conditions . 

An analy~is "f selected shots from the investigation reveals the 
following (Table 3,,: 

1. Shots 105. 106. and 107. the largest diameter Charges. 
gave what may be cons,dered a full detonation. with velocity over 70" m/s. 

2. Shots 102 and 103 showed that when the diameter re-
Il'air:s constant. but the density of the charge ,is reduced. the velocity 
falls to a pseudo-deton&tion. und,er 5000 m/s. 
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3.810 
3.310 
2.588 
3, “429 
1 xi!9 
I,270 

5*3 
12,8 
l4,2 
142 
aa,0 

I.389 7,129 avg 
0,902 4 * 772 avg 
E s27 7.452 
IL,524 7,403 
1.216 4,510 
I .52J 7.05 

c # 
c 
c 
c 
4s 

“$3.0 EB 

8 

3 . Shot J59 , though of a smaller diameter. had a full 

de l(.nat:on· r ate . because tbedensity was high . 

4. Shot 162 exhibited full detonation at a high density. 

5. ~!lot 215. however. wilh Iht: same diameter as shot 1'6~. 

had an incomplete de.lonation due to lowe r !\ensity. At this density, it 
ls hdo w thecriticaJ d.iameter. 

6 . Shot 1&3. proved that it IS b\:ilowthe critical diameWT 
b ecause it failed to complete its propagation~ even though an extra 
hoo~ ter ·was added to a · bigh density charge . 

. . >.n <l lysls . of these shots " how,. that the critical diameter of uncon
f ined !Xl.U is above 1.27 cm and varies ·with the density. See Figure 3 . 

TABLE ] . 

Detonation velocities of unconfined ·Neua 

DetonatiQll Fade-oub 
Shot Diameter LID Density velocity distance . 

no ·. (em) (ratio) (grams / eel (mm/~sec) (diameterl 

105.106 
~107 3.810 5 . 3 1.389 7.129avg C 

102 6 103 3.810 5.3 0 . 902 4 . 772 avg C 
159 1.588 12 . 8 1.517 7.452 C 
162 1.429 14 . 2 1.524 7.403 C 

2.l~ 1 .429 14.2 1.::16 4.510 4 . 5 
11)3 1.270 16.0 ) .521 7.05 13.0 EB 

a 
Datd obt'uned from U.S. Naval Ordnance Laboratory (Ref 3, Table3l 

b 
C = (;omplete detonation for charge length of 20.32 cm 

EB .. Fxlra booster 
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Explosion 
temperatusile 

c5 =a 
27sQ c 

475 0 c 

Heat of Heat of 
ambustian erxploaioa 

(callgr) Icailgr) 

1995 721 
1715 610 
3620 1oao 

Heat of 
filrmatiQn 
icWgr) 

227 
754 

7a3 

9 

&.0 / • 

<J '. " '" 'to I • :::. 
'--
E I E 
~ ,.. 
~ 4o ..... 
8 

I t;J 
:> 

i15 !ioJ .... . ~ 
.~. • <> 
t; 
Q 

0.. /·0 /.'l- /·If /.i /.. 

BOO17Y {graa/ee} 

Fig 1 Relationship of detonation velocity to density for NCu 

'hennal Parameters 

The thermal properties of boll. NGu iIIld GuN in comparison with 
TNT ilre given in Tilble 4. 

"'Iaterial 

NGu 
GuN 
'TNT 

TABLE II 

Thermal parameters of NCu and CuN 

Explosion Heat of Heat of 
temperature combustion explosion 

(5 sec) (cill fgr) (eal/gel 

2750 C 1995 721 
1715 610 

4750 C 3620 1080 

9 

Heat of 
formation 
(eal/gr) 

227 
754 

78.5 

1 
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EXPERIMENTAL TEST RESUL.TS 

Nitroguitnidine 

Background 

in 1901 VlelJe, the famous French explosives expe>!, investigated 
th,· pOSSlbiHty of usmg NGu as a temperature reducing agent. He found that 
\.'h.m a 10 to 15 percent quantity of NGt.: was added to nitrocellulose, the 
"es l:ltmg p !'opellant \\as ;)tactically tlashless and iess eros),Ve than other 
pTopt'aant~ of com par a ble force . However, due to til<' presence of sulphur, 
thl" prl'>pellant "'as not sta ble II. storage. 

Cool. flashless. "ul»hurle.;s and non-erosive propellants con
td'njr'~ '.;Gu and lWGN were developed in Germany prior to anrl during World 
\'i;,r II. "n~'cr the e!irection of General Gallwitz; In Germany, propellants con
hlililr',;:-:Gu a!'ecalled "gudol puh'er" (Ref 2). \\'hereas in England they are 
called "plcrite" even thou,gh theydo not contain any picric acid. 

An indepen{!ent evaluation of NGu- vs non -SGu -bearing propel
:ants "'as made in this country,. It shOws that at equal temperatures, NGu-\lear-
109 propellants causel"ss weight loss and erosion of gun tubes thannon
~:f;u be .. , lng propellants (Ref 4). 

Test Results 

The test factors used 10 the "urrent series of tests are outlined in 
Table S; the physical set-up IS illustrated III FI!!ure 2. TheNGu detonated 
Ir. .,very te1lt , lea\'ing no unburned residue. The witness plates were bent 
mc or cl'ilcked. and the aluminum cylinders lIlere shattered into very small 
irilg:'!~('nts . 

Tl:e results of blast measurements for peak pressure and scaled 
''''pul se were plotted versus scaled distance. Figures 4 and 5 illustrate the 
e!fec!s of "':'0 booster sizes. 1. 06-{)z tetryl vs 4-0! Comp C4. on two differ'
'!Jlt char .,e .. :eights. 50 and 100 pounds of NGu. Virtually no addItional 
bl""t oUlput was obtallled when the larger boosterv:as used. The differ
ences 'C peal< pressures ",hown ace within the realm of experimental eTror. 

The effects that four differentNGu charges weighing 5.86, 24, So. 
and 110 pounds have on pressure and impulse are shown in Figure 6 (for 
tetryl booster~l and Figure 7 (for Camp C4 boostersl. These weights 
represent scale factors of 1/8, l i S. '" 1/4. and 1/3. Differences in 
peak pressure and Impulse are insignificant for sizes evaluated. It 
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Fig 7 Efbcts of NGu charge weight cm 4-m C&map C4 booster 
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material ‘as poured’. 

26 

may be concluded that peak pressure and positive impulse are scalable 
with ..... eight. Wl/ 3 , Duphcate tests were averaged in these plots. 

Indh'idual data points for peak pressure and scaled positive im
pulse tor NGu are plotted forsca!ed distance ftflb1/ 3 in Figure 8. Since 
thit. cr-aph shows the relatively good agreement of the various size charges, 
It WHy he concluded that NGu is following the scaling laws (Ref 1). Fig-
ure 9 shows both peak pressure and positive impulse in terms of TNT equiv
dlency ITlXT = lOO~.) based on tbe maximum data for tbe scaled distances 
shown, Table 6 provides the maximum percent of Tl\'Tequtvalencies for 
NG u at the scaled distances sbown. 

Table 6 

Maximum TNT equival~ies for NCu
a 

Ni~idine Sca:ed distance 
lft!lb l / l ) {pressure, 'U Impulse, \) 

3 
9 

18 
40 

140 
105 

80 
70 

110 
85 
90 
77 

aThe material was lightly confined. Density was that oi dry 
material 'as poured', 

Top V5 Bottom Booster-iog 

Additional tests to compare the effects of top vs bottom boost
",ring ill :\G·.1 were conducted, T\'I'o 35-lb NGu charges were initiated by 
30-gm Camp C4 JOO"ters for each situation. The results are shown graph
Ically in Figure 10. Examination of the grouped data shows that there is 
no slgmficant difference between tests with the booster on the top and those 
with the booster on the bottom (Ref 51, It should be mentioned that these 
results are In very good agreement with the data obtained from earlier 
tests using 50-lb NGu charges wiUt 4-01 Comp C4 and. 30-gm tettyl boosters, 
all bottom initialed. For NGu test No.7. which involved a 50-lb charge 
booslered from the bottom, one solid line on the grapb represents the pres
sure. the other line the impulse. 
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Test Area 

q 

. In spIte of thestl findings. the author does not recommend hoost
ering loose. unconfined powders from the bottom. When GuN was boosteled 
irolJI the bottom. both blast pressure and firehall output were low. Consider
ahle black residue plus unburned mat"rial were found In the test area after 
each f,,;ng (Ref I). However, when the GuN was boostered from the top. 
thertlby compressing material againsl tbe bast! plate and causing consider
able locahled friqion with resulting hot spots. much larger pressure and 
fireball measurements '·,ere recorded (Ref 6) . 

Test Configurations 

Oue of the simoJa\t,d storage bins used in the NGu series of tests 
IS Illustrate': in Figure 2. Alu",inulll walled cylinders were spot-welded 10-

. .,;eU""''"'th aluminUl!l3nglcs, n~ shown. The cylinders were volume-sized 
by censen'ing the loading dens ity of a cylindrical storage bin containing 
3. COO pounds of NGu wilh a volume of 200 cubic feet. The lengtl1- to~dia
meter ratio for each cylinder wa s 1.0. There was a. circular hole in each 
~nd plate. I , 8 as large in diameter as the cross-section of tbe cylinder. 
Ti ,e thickness of the aluminum was sized by conserving the ratio of the 

.' welght of explos ive to the weight of. the full size bm. Table 5 lists the 
weIght of explosive charge plus the scaling factors of the simulated storage 
bins usedi.n each test in this se,·ies . 

Both storage bins and. calibration shots were set on a steel wit~ 
ness plate which was plaLed on the ground. Different size boosters were cen
tered in the bottom of the bin (fig 2' . Detonator leads .. ere routed out the . 
wpof the bin . A premeasur:ed quantity of NGu was. poured into the bin 
tl1rough the top hole. 

Test Area 

The r-:Gu test area was locate<! in La Porte. Indiana. The test sef~ 
" I' cULsisted of a concrete slab and the instrumentation shown in Figure 11. 
Six pressure transducers "'ere installed flush with the top surface of the 
Lor.crde slab' (to measure the side-on pressure) in mechanically isolated 
stet-! piates. The test explosive was place<! adjacent to one end of the con
crete slab. Cables from the gages run through a covered trough In the 
cor-crete blast pad, continuing .above ~round to an instrumentation \'an 
(~lot shown in Fi~ure II) . 
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27 cube 
27 cube 
27 cube 
32 cube 
20 38 20 cyx 

Calibration 

CaltbratIon tests were performed before. during. and after the 
regular firings of the pressure measuring system. For the NGu series. 2-1b 
charges were used: 5-lb charges were used during the GuN series. In 
both instances. the calibration ¢harge cons.sted of unconfined Comp C4. 
hand pressed into a hemispherical shape and tired on a steel witness plate. 

The resulting pressule- and impulse-gage points for the vari
ous "caled d.stances of the NGu ser les are plotted in Figure 12. The close 
groupings of the various sets of poiu!s provide a good baSIS of confidence 
III the proper fUnctioning of the bias! gages. The line that passes through 
the "peal. over-pressure" gage points is a TNT pressure curve used as a 
standard IRef 7). The line passing thtough the "scaled positive impulse" 
gag" pomts was generated by the contractor for Camp C4 using a 1.25 
factor to convert the weIght of Comp C~. to the equivalent weight of TNT. 
Both of these reference <;ourve" were bUilt into the cOntractor's computer 
program: Gonsequently. aU o.f Illfl TNT equivalencies shown in this repOrt 
were derived in thiS II!!\OMt . 

Guanidill4! Nitrate 

Test Results 

The peak pressure data are in good agreement for the three 
sizes of GuN charges tested (Flg 13). Th" impulse data at a scaled distance 
of approltimately 3 ftilbL3 are quite scattered (Fig loll. At this distance 
there appears to be no trend io the lI11pulse data based upon charge weight. 
At larger scaled c.'!.tances. the impulse data scale very well for the three 
different charge wt'ights tesl{,d (Table 7) . 

fest nO. 

r;uX-l 
Gu:;';-;! 
GuX-3 
GuN-4 
GuX·5

a 

Charge 
",,,:ght 

lib) 

480 
480 
240 
100 
145 

Table 7 

GuN test factors 

Booster weight 
Camp C4. tlb) 

5.0 
10.0 
2.~ 

8.0 
1.0 

"f'rom earlier test (Ref 1) . 

22 

BUlk density 
(gm!cc) 

0.72 
0.72 
0.72 
0.80 

Container 
sj~e. lin. 1 

27 cube 
27 cube 
21 cube 
32 cube 
20 x 20 cyl 
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Fig 12 Calibration test data for NCu 
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Data from a 1~5 - !1> charge. u"ing a I - II> Comp C4 booster em
bedded in the bottom. are also meludee In Figures 13 and 14. The scaled 
pressure output from thIs charge is luwer than that at the larger charges 
which were boostered from the top. Howev.,r . the scaled impulse measured . 
from th., U5- lb test is approximately the same as that measured during l~ . 

larger weight tests . It is noted that some of the GuN did nol ignite during 
th .. H5-lb test. which probably accounts for the low peak pressure. 

Flath av.,rage pressure and averag., impulse versus scaled 
distance curves were drawn for all charges using top boostering. ThIS 
was done by curve fitting all of the peak pressure-scaled distance and 
scaled impulse-scaled distance data . respectively . for the charges weigh
ing 240 pounds or more. Figure 15 illustrates the results of averaging 
these curve fits and compares them with the corresponding blast parameters 
from a standard hemispheTicalTJilT charge (Ref 7) . ' At small scaled dis
tances there is more blast output from guanidine nitra.le than there is from 
TNT lIlef 6) • 

The TNT equivalence of guanidine nitrate was computed using . 
the averaged curves f . rpeak pres:;ure and scaled impulse. The TNT 
equivalence is plotted in Figure J 5 : 

Tbemaximum TNT. equivalency da~for both pressure and 
impulse for scaled distances rapgingfrom 3 tQ 40ftflb1l3 .sgiven ~ 
TableS and shOll'·n graphically in Figure 15 . 

Table 8 

a 
Maximum TNT eq",ivalencies for GuN 

Guanidine nitrate. Scaled distance 
(ft / lb1/ 3) (pressure. \) (impulse. ~) 

3 
9 

18 
40 

140 
100 

50 
16 

250 
67 
62 
56 

t. aThe material was lightly confined. Density was that of dry 
material 'as poured' , 
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Fig 15 Peak pressure and scald impulse--camparisiorr af GUM and TNT 
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Fig 16 Maximum TNT et@vat~y Sor GUN 
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Charge 
weight 

(Ib) 

543 480 
IO,0 480 
25 m 240 
8.0 8~0 

65 
65 
55 
70 

29 

F ir.:>baJi Size 

Fireball radius versus charge weight data. Table 9. is plotted 
'" Figure 7 . The solid line represents the fireball radius obtained from 
several exploding liquid propellant charges. (The liquid propellants used 
te obtain these data were LOX.' RP-l . LOW/ LH

2
• LOX / RP-I / LH

2
• and . 

:>: .,0, .' N~H~ T D!>:H. Reference R./ The dashed curve to the left in the flg
urt; t as·otltained from some previous work (Ref 1). in which several 18.S-' 
!o and one H:,i-:b GuN charges were incompletelj, ignited from the bottom. 
Th",se charges produced smaller scaled fireballs. probably due to poor 
19nition. since SOUle of the GuN remained after these tests. The fireballs 
produced during the larger or current lest series (dashed line to the rightr 
"er~ ,,'or .. nearly the same size as those produced by propellants (Refill. 
In th'1"" latter!ests. the booster w~sembedded in the top center of the 
cruuge . 

Test Configu,."lion 

A trpieal test configuration for the GuN series isil1ustrated 
in Figcre 18 . Cubical boxes were constructed from O.25-in.-thick plyWOQd 
sheets . \\"cod 2 by 4'5 were used at the' edges of the boxes. and a few metal 
bands ,,'ere placed around each box for support. The boxes were u!l8d to 
support acd shape the GuN charges. affording minimal roafin_t. GuN 
was !\JOselypoured into the.btJxes. and large lumps were broken up. b(lt 
np~tie!npt was mad.e to grind or compact the material. 

Test no . 

Gr;~ - , 
Guc.;· 2 
Gu:-; - J 
Gu:X' 4 

Booster 
size 
fib) 

S.O 
10.0 
2.S 
8.0 

Table 9 

GuN fireball data a 

Charge 
weight 

ObI 

480 
480 
240 
8110 

::. 
nata from liT Research Institute (Ref 6) . 

29 

Fireball 
diameter 

(ftl 

65 
65 
5S 
70 
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Each GUN cbrge was ignited with ;a Camp C4 lsooster, The 
stirs WW~~E?: shaped into rough cubers and, in this axies II, embedded 

the top surface of the charge (Fig 18) m Two I..L S, Army speckal IEaiectri~ 

Y 

32 

'.' 

.,; "., < •• " 

Eacb GuN charge was ignited with a Comp C4 booster. The 
boosters were shaped into rough cubes and. in this series. embedded ~ 
the top surface of the charge (Fig 181. Two U . S , Army special electric 
lJlasting caps. wired in parallel • were used to ignite the boosters. 

TestAru 

The GuN tests were performed at Dugway Proving Ground. 
Dugway , l ' tah. a desert test site free from surface obstructions, 

Two motion picture cameras were used to record each test 
.,\'ent. They operated at appro~timately 4.000 frames per second. and were 
'')cated as shown in Figure 19 . ' Fight fiducial markers were located in each 
camera'sheld of view. The fiducial marks were used to determine maximum 
fireball size , The high spded Cameras were time sequenced with the shot 
i1r ing circu.il. 

Pressur£ gages were flush mounted in 20-in. -square by I-in.
thick steel plates which were . in turn. flush mounted in the ground and 
secl,lrec witb stakes. They were located at discrete intervals on a radial 
Ime irom ground zero (GZ) , Cables from the gages were buried in the immed
iate area of the charge and laid above ground for the remaining distance to 
the instrumentation trailer. The gage positions ranged from 20 to 333 feet 
from r,z. Xine gages were positioned in the field "to provide greater pres
sure range flexibility from test to test. though cnly siX were used during 
anyone tes\. (Ref 61 . 

Detailed information coneerning pressure measuring. record
ing. reproduction and calibration instrwnentatiOD. and procedures is con
tained in Ap!J6ndix B of the liT Research Institute's f'tnal repun on the 
program {Ref II . ' 
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CONCLUSIONS 

Nitroguanidine . 

1 . Is less sensith'e to shock initiation than TNT and most other 
t'>;p!oslve materials studied except for guanidine nitrate. 

1 Once dc.tonated. can produce a significantly higher peak pres-
sure at close- in distances than that of iln equivalent weight of T~'T . 

3 , Appears tofollQw the scaling laws for explQsives within tbe 
pa rilmeters tested: consequently. tile dilta contained in this report can be 

. extraJIQlatedto full size charges. 

CuanidilW Nitrate 

1. Is more difficult to shock init.iate than nitro guanidine . 

., When ignited. na" a low rate of detonatien • 

3. Once ignited. can produce a peak pres&ure and positive impulse 
sigmficantly greater, than that of an equivalent weight of TNT at close-in 
di.stances . 

~. Appears to follow the scaling laws for explosives within the 
parameters .studied: cOllsequently, the data ~tained in .this reJIQl:t can 
be extrapolated to full size. charges . ' 
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APPENDIX 

APP"Will ofPrelimioilry Report 00 the TNT Eq\Ji"'lIl..,les 
()( N~roguarlic;lineand C;;U!lnidi~ ~itl"1lte 

Preceillflle Mat 
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